Objective: To to monitor fluoride concentrations in the public water supply of São Luís, Maranhão, Brazil, from February 2008 to January 2009. Material and Method: Forty sampling points representing 39 neighborhoods of São Luís were conveniently selected. The points were selected based on the sites where the public water supply is provided by the local water supply company and also considering the proximity of elevated water reservoir tanks. The analysis of the fluoride concentration was performed in triplicate using an ion-specific electrode for fluoride connected to a previously calibrated potentiometer. After analysis, the samples were considered adequate when the fluoride concentration was within recommended limits from 0.60 up to 0.80 ppm F (criterion I) or within the stipulated range from 0.55 ppm up to 0.84 ppm F (criterion II).
Introduction
The knowledge on the action of fluoride on the dynamics of the caries process became widely used as a preventive method. So, it has been considered as one of the factors responsible for the decline of the disease in Brazil and in other countries [1, 2] , although its use alone does not prevent the development of the disease, but only reduces its progression. In contrast, an increase in reports of dental fluorosis has been observed [3.4] .
The major mechanism of action of fluoride in caries control is based on its effect on the dynamics of demineralization / remineralization process [5] , when it is kept steadily in the oral environment. In this context, fluoridation of public water supply is one of the most important preventive public health methods and of best cost-benefit or cost-effectiveness relationship to keep this condition [6, 7] .
Fluoridation of public water supply is governed by specific legislation in Brazil since 1974.
The law 6,050 of May 24, 1974 provides for the fluoridation of water supply systems when there is water treatment plant [8] was regulated by Decree No. 76,872 of December 22, 1975 [9] .
The importance of fluoridating drinking water is focused on the scope of this measure, affecting the population equally, regardless of social class [6] or access to other forms of prevention and use of fluoridated toothpaste. Communities with social and economic deprivation are documented to having worse oral health conditions, so they can regularly receive the benefits of fluoride through water [10] .
Fluoride concentrations in drinking water of supply systems below recommended values do not prevent the development of caries and on the other hand, concentrations above recommended values can expose individuals to the development of dental fluorosis. Thus, it is important to check the fluoride concentration in the water constantly. In this study, external control is the monitoring of fluorine concentrations by external companies and not by regular water treatment companies [11] .
In São Luís-MA, the history of fluoridation of water supply systems can be divided into two distinct periods: in 1986, when the first addition of fluoride was performed by the Water and Sewerage Company of Maranhão (CAEMA), being interrupted in 1992 due to the lack of product, and, more recently, in February 2006, when the program was restarted using sodium fluossilicate.
Due to the scope and effectiveness offered by preventive methods of adding fluoride to water supply systems, especially in underdeveloped socio-economic areas, it becomes necessary to know the current status of fluoridation in São Luís, Maranhão, Brazil.
Material and Methods

Study area
The study was conducted in São Luís, Maranhão, with land area of 827.141 km². According to the last population count, the municipality has 957,515 inhabitants. 
Sampling and selection of sampling points
The sampling design of this study was based on Ordinance no. 518/2004 (12) . According to this ordinance, the minimum number of monthly samples for quality control of the public water supply system for purpose of physicochemical analysis is a function of municipality population size.
Thus, taking into account the population census and estimated population of the city of São Luís, MA, and number of sampling points, a minimum of 39 sampling sites was determined for that municipality.
These points were selected based on the five operational business units and also due to the proximity to the existing elevated water reservoir tanks. In each of these operational business units, neighborhoods were chosen by convenience to cover all regions of the city. Each neighborhood represented a sampling point, except for downtown, which, given its size and to the presence of two large elevated water reservoir tanks, consisted of two points, each of them near one of these water reservoirs.
The sites selected were preferably public places of easy access, containing a tap directly connected to the network and in the same way water was consumed by the population. These locations corresponded to public schools, except neighborhoods where there was no public educational institution or when there was no access to the collections of water samples. In these situations, the sampling points were selected in private homes or business premises.
After site selection, formal and personal contacts were performed with owners in order to obtain permission to access, certify the origin of the water used, identify the tap, introduce the team responsible for the monthly collection of water samples, as well to explain the importance of monitoring the fluoridation of the public water supply of São Luís, MA.
Sample collection
To collect water samples, 10 ml plastic bottles previously washed with distilled and deionized water and properly labeled, identifying location and date, were used. The collections The analysis of samples according to the various operating units of CAEMA revealed that of the total sample, 35% (n = 168) belonged to OMC; 32.5% (n = 156) to OMV; 12.5% (n = 60) to OMH; 10% (n = 48) to OMP and 10% (n = 48) to OMG.
The percentage analysis of samples that were below the recommended fluoridation levels, at optimal level and above the recommended level, according to the first criterion used in each of the operational business units established by CAEMA is in Table 2 . According to the fluoride levels recommended by criterion I, most samples were considered inadequate (62.9% or n = 302), whereas 37.1% (n = 178) were considered adequate. Table 3 shows the percentage of samples that were below recommended fluoridation levels, in optimum level and above recommended levels by criterion II in each of the operational business units established by CAEMA. It was observed that, when considering the classification of fluoride levels, according to criterion II, the percentage of inadequate samples is reduced. According to this criterion, 48.3% (n = 232) of samples were considered inadequate, while more than half, 51.7% (n = 248) were considered adequate. The distribution of water samples according to the month of collection and to the fluoride concentrations established by criteria I and II are shown in Figure 1 . In relation to variations in fluoride concentrations, it is emphasized that these only become problems when variations are significant. Small oscillations are acceptable within a range considered adequate. Water supply companies must control these oscillations. Figure 1 shows that the population is somehow exposed to fluoride. Low fluoride concentrations can also benefit the population, but maximum benefit will not be achieved under these conditions.
Regarding fluoride levels over the months studied, Figure 2 shows that samples with fluoride levels above 0.80 ppm F were more concentrated in the months of March, April, May and June, according to both criteria for data analysis. This phenomenon is probably related to rainfall regime in the region and to the supply of water for the population. In periods of rain, water becomes turbid and treatment is slower. In addition, the consumption is reduced and the water tanks have lower flow. Considering the totality, the mean fluoride concentrations established for the municipality of São Luís, MA during the study period was 0.58 ppm F. It was observed that this average is below the minimum recommended fluoridation levels according to criterion I. However, considering criterion II, this value is within adequate limits. A study conducted in Chapecó-SC also found mean levels (0.89 ppm F) within the three parameters adopted in its methodology [16] . In contrast, the mean annual fluoride content in treated water from the WTP of Niterói-RJ was 0.45 ppm F, well below the value considered appropriate for that municipality [17] .
Regarding the median fluoride concentration determined in this study; 0.61ppm F, it was observed that this value is within adequate levels according to both criteria adopted, with a variation from 0.02 ppm F to 1.33 ppm F among samples. Considerable variations in fluoride levels were also identified in other studies. The minimum and maximum fluoride values found in Pelotas were 0.05 ppm F and 1.72 ppm F [18] . In Chapecó, SC, wide variation was reported along the ten years of study, with minimum value of 0.08 ppm F and maximum value of 2.05 ppm F [16] . The variations observed in these results led to reduction of fluoridation benefits.
In the present study, considerable percentage of inadequate samples was observed (62.9% External control studies that propose longer collection time result in larger samples and more accurate results. The methodology used in this study recommended the collection frequency of 12 months aimed at external control, followed by surveillance fluoridation protocol for collection, preservation and analysis of samples. Moreover, according to the proposed methodological standards, part of samples was sent to other reference laboratory [25] .
Surveillance systems on fluoride levels in the public water supply network are crucial to ensuring that the benefits of fluoridation can be effectively achieved. These systems cannot be characterized by practices which occur only once, or as those covering only specific times. These measures must be continuous and permanent for the maintenance of adequate fluoride concentrations (25) . In this context, the external control of water fluoridation is a surveillance system based on systematic observations and continuity and permanence of fluoride content analyses performed by external companies and not by regular water treatment companies [11] .
The importance of this research in monitoring the fluoridation of the public water supply in the city of São Luís-MA is focused on contributing to possible improvements related to fluoridation so that the desired benefits by this public health measure can be achieved. In the study concerning the external control of the fluoride levels in water, the following critical areas were considered:
Turu, Habitacional Turu, Calhau, Cohapan and Cidade Operária. In the context of the difficulty of distinguishing fluoridated areas or not, an identification bias may have occurred in these locations.
However, it is possible that the waters of these points come from wells, although residents have informed that the water comes from the public water supply system.
Conclusion
There is need for special attention on areas that remained with inadequate fluoride levels throughout the months of the study. Under these circumstances, monitoring should be conducted before the detection of any irregularity. The company responsible for fluoridation should systematically verify the fluoride concentrations in the water supplied to the population, providing appropriate levels and controlling variations. Acknowledgement is made to companies that use the fluoridation method and are interested in the best operationalization of this measure and, finally, understand the importance of fluoridation and its contribution to the oral health of the population.
